Wastewater samples were collected from pulp and paper mill located in Kashipur (India) and were extracted using dichloromethane (DCM), chloroform and hexane solvents (all were HPLC-grade). The extracts were assayed for their mutagenic potential using Ames Salmonella mutagenicity assay. TA98 strain was found to be the most responsive, in terms of induction factor (Mi) and slope (m) of the initial linear dose-response curve as determined by linear regression analysis up to the increasing doses indicating the presence of frame shift mutagens in the test samples. Mutagenicity of different extracts is arranged as follows: dichloromethane extracted water samples > hexane extracted water samples > chloroform extracted water samples. Hexane extract exhibited maximum mutagenic index of 13.0 and induction factor (Mi) 2.48 with TA98. The order of responsiveness based on the mutagenic index and induction factor for the test samples was in the following order: TA98 > TA97a > TA100 > TA102 > TA104. Our findings suggest that TA97a, TA98, TA100, TA102, TA104 were sensitive towards the wastewater extracts and showed considerable mutagenicity.
Introduction
Pulp and paper industries are water intensive industry and release effluent that contain a variety of naturally occurring polymers such as poly aromatic hydrocarbon, tannins, fatty acids, resin acids, lignin and its derivatives which are known for their resistance to degradation [1] . The chemicals formed during the process of pulping, bleaching and paper making have deleterious effect on aquatic life and they ultimately bioaccumulate and biomagnify in the food chain. Several studies have reported impaired liver and reproductive dysfunction in fishes exposed to pulp mill effluents [2] [3] . Some xenobiotics like organochlorinated dioxins etc. which are produced during paper making have been reported for their adverse health impacts such as endocrine disruption, immunosuppression, growth retardation, thyroid dysfunction, decreased fertility, and tumour promotion [4] .
Mutagenicity assays are used specifically to evaluate the mutagenic potential of environmental and industrial effluent samples. In recent times growing interest in mutagenicity caused by environmental pollutants has led to the development of several biological tests for detecting and identifying mutagens in the air, water and soil [5] [6] . The genotoxicity of the pulp and paper mill effluents was established [7] [8] . A number of reviews have been published related to the genotoxicity of the pulp and paper mill effluent and the types of assays used [9] [10]. The Ames test, a mutagenicity assay with the bacteria Salmonella typhimurium was first developed by Ames et al., (1975) [11] and then reviewed by Maron and Ames (1983) [12] . Due to its simplicity, cost effectiveness and shortterm duration, the Ames test is appropriate for evaluation of the potential genotoxicity of contaminated wastewaters and soil [13] [14] . Many researchers have evaluated mutagenicty of wastewater by Ames Salmonella assay [6] [15] [16] [17].
The study focuses on mutagenicity of wastewater extracts by Ames Salmonella Mutagenicity Assay from pulp and paper industry.
Materials and Methods

Sample Collection
Composite wastewater samples were collected from pulp and paper industry from Kashipur, Uttarakhand (India). The samples were composited by mixing 2 L of water collected at five different points to make 10 L composite sample.
Liquid-Liquid Extraction
All the effluents were extracted separately with three different organic solvents, namely dichloromethane (DCM), n-hexane and chloroform (all HPLC grade).
Extraction of the effluent with a solvent was done in two parts using 500 ml effluent, which was shaken vigorously with 25 ml of the extraction solvent. When solvent and water layers were separated, the solvent layer was collected in a beaker. The process was repeated three times with fresh 25 ml extraction solvent.
In this way a total of 1 litre effluent per solvent was extracted. The extracted organic phase was evaporated at room temperature under reduced pressure with the help of a vacuum pump and re-dissolved in 1 ml of DMSO. These samples were filtered through 0.45 µm membrane filter before they were used for genotoxicity testing.
Bacterial Strains Used in the Study
The characteristic of S. typhimurium strains is given in Table 1 . The S. typhi-murium strains were maintained in frozen stocks and grown as described by Maron & Ames [12] . Each strain was tested on the basis of associated genetic markers raising it from a single colony from the master plate [12] .
Salmonella Mutagenicity Test
The preincubation test was performed as described by Maron and Ames [12] with some modifications [18] . Five doses of each water extracts i.e. 1, 5, 10, 20 and 40 µl/plate were plated in triplicate with 0.1 ml of the bacterial culture. After incubating the test sample and bacterial culture for 30 min at 37˚C, 2.0 ml top agar containing traces of histidine and biotin was added and contents were poured on minimal glucose agar plates. Plates were incubated at 37˚C for 48 -72 h. Negative and positive controls were included in each assay. The negative control plates contained bacteria and solvent (DMSO) but no test sample. Methyl methane sulphonate and sodium azide served as positive controls. The criterion used to classify the results as positive was similar to that of Vargas et al., [19] : number of revertants double the spontaneous yields accompanied by a reproducible dose-response curve.
Statistical Analysis
Mutagenic Index
The number of his + revertants in the sample was compared to the negative control by its mutagenic index value.
Number of his revertants induced in the sample Number of his revertants induced in the Mutagenic negative i c ndex ontrol
Mutagenic Potential (m)
The mutagenic potential of the test samples was calculated by the initial linear uvrB, hisD3052, bio, rfa, R-factor plasmid-pkM101 frame shift mutation at G-C site TA100 uvrB, hisG46, bio, rfa, R-factor plasmid-pkM101, base pair substitution mutation at G-C site TA102 rfa, R-factor plasmid-pkM101, multicopy plasmid paQ1 containing hisG428 auxotrophic marker and Tet r , transition mutation at A-T site TA104 uvrB, hisG428, rfa, R-factor plasmid-pkM101, transition mutation at A-T site portion of the dose-response curve with tester strains. The slope (m) was obtained by the least square regression of the initial linear portion of the curve of initial dose-response.
Induction Factor (Mi)
The induction factor for various test strains for wastewater extracts was evaluated as follows:
where n is the number of revertant colonies in the sample and c is the number of revertants in solvent control. The induction factor was calculated to determine the difference between two samples if the sensitivity pattern based on the slope (m) was similar.
ANOVA
To determine the significance of the number of his + revertants in the sample as compared to the control, one-way analysis of variance (ANOVA) was done at P ≤ 0.05
Results and Discussion
Wastewaters from pulp and paper industry have been shown largely to be accumulated with organic matter recalcitrant in nature [20] . These pollutants are mixed together and form complex coloured effluent with high chemical oxygen demand (COD), biological oxygen demand (BOD), total dissolved solid (TDS) and decreased dissolved oxygen (DO) due to inhibition in photosynthesis which seriously affects aquatic flora and fauna [21] . Moreover, these pollutants are also reported as mutagenic, carcinogenic, clastogenic and endocrinic [22] .
The United States Environmental Protection Agency (USEPA) and some of its international counter-parts have classified most of the phthalic acid esters, such as diethyl phthalate, benzyl butyl phthalate, di-n-butyl phthalate and di-(2-ethylhexyl) phthalate, as priority pollutants and endocrine-disrupting compounds.
Salmonella/microsome reversion assay is commonly used biological parame- showed maximum response in terms of induction factor (Mi) and Table 4 . Reversion of Salmonella tester strains in the presence of acidic fraction of dichloromethane extracted wastewater sample. The response of different strains in terms of slope (m) of the initial linear dose response curve was obtained by the least square regression analysis. It was found that TA98 shows maximum value of the slope followed by TA100 in all the extracts of the wastewater samples. The order of responsiveness of different strains in terms of slope for hexane extract of effluent was as under: TA98 > TA100 > TA102> TA97a > TA104 (Table 2 and Table 5 ), while for chloroform, acidic and basic fraction of dichloromethane extracts were as follows: TA98 > TA100 > TA97a > TA104 > TA102 (Table 3 and Table 4 ). Analysis shows that reversion of the strains increases significantly in comparison to the negative control with increasing doses. Our findings suggest that TA97a, TA98, TA100, TA102, TA104 are sensitive towards the extracted samples from wastewaters and show considerable mutagenicity, these results are in agreement with the previous findings thus establishing the validity of this test system in the genotoxicity determination of complex environmental mixtures [13] [14] [25] .
Effluents from pulp and paper mills are highly toxic and are a major source of aquatic pollution. More than 250 chemicals have been identified in effluents which are produced at different stages of papermaking. Their toxic nature is derived from the presence of several naturally occurring and xenobiotic compounds which are formed and released during various stages of paper making [9] . The present findings suggest that the test wastewater possess mutagenic potential which may be due to its contamination with organic compounds. Therefore the study suggests that the common practice of application of untreated wastewater to agricultural land should be strictly restricted.
Conclusion
Pulp and paper mill wastewater samples are characterized by high BOD and COD levels and are heavily contaminated with various organic compounds such as lignosulphonic acids, chlorinated hydrocarbons, chlorolignins, chlorinated resin acids, chlorinated phenols, various surfactants, plasticizers and biocides which can be suspected for mutagenic and genotoxic activity. Mutagenicity of WW samples is arranged as follows: dichloromethane extracted water samples > hexane extracted water samples > chloroform extracted water samples. TA98 was found to be the most responsive strain in terms of mutagenic index, mutagenic potential and induction factor, indicating the presence of frame shift mutagens in the test samples. The evaluation of hazardous wastes and effluents by mutagenicity assay may provide data useful not only for hazard identification but also for comparative risk assessment. The effluents from the paper and pulp industries are extensively used for irrigation of agricultural field causing deleterious impacts on environment and demand the need for continuous monitoring to provide a basis for improvement.
